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F.1 Melcor Accident Consequences Code System Modeling

F1l.1

F.1.2

Introduction

The following sections describe the assumptions made and the results of the Level 3
modeling performed to assess the offsite risks and consequences of severe accidents (U.S.
Nuclear Regulatory Commission Class 9) at MPS2.

The severe accident consequence analysis was carried out with the Melcor Accident
Consequence Code System (MACCS?2) code (Ref. F.1-1). MACCS2 simulates the impact
of severe accidents at nuclear power plants on the surrounding environment. The principal
phenomena considered in MACCS2 are atmospheric transport, mitigating actions based on
dose projection, dose accumulation by a number of pathways including food and water
ingestion, early and latent health effects, and economic costs.

Input

The input data required by MACCS2 are outlined below. MACCS2 requires five separate
input files or modules to simulate an accident scenario. These include EARLY, ATMOS,
CHRONC, MET, and SITE modules. The Level 3 PRAs using the MACCS2 computer code
were prepared by Dominion and reviewed by Dominion personnel.

The Level 3 model was constructed specifically for the license renewal SAMA analysis. The
meteorological data have been collected and stored by the Dominion environmental
personnel at Millstone Power Station. The population distribution and land use data for the
region surrounding the site were determined based on software purchased from the federal
government (SECPOP90). The source term data were generated using the MAAP3.0B
computer code. The MACCS2 code was used to do the evaluation of the source term
distribution.

F1.2.1 Core Inventory

The core inventory is for MPS2 at a power level of 2700 megawatts-thermal.
These values were obtained by adjusting the end-of-cycle values for a 3,412
megawatts-thermal pressurized water reactor (Table F.1-1) by a linear scaling
factor of 0.791 in the MACCS2 input file (Ref. F.1-1). Potential core power uprate
is accounted for by running a MACCS2 sensitivity with a 10 percent increase on
the core scaling parameter. See Section F.3.4 below which discusses this
sensitivity.

F.1.2.2 Source Terms

The source term input data to MACCS2 were generated using the MAAP 3.0B
computer code for the dominant core damage sequences presented in the
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F.1.2.3

probabilistic risk assessment in the MPS2 IPE (Ref. F.1-2). The source term
release fractions described in the MPS2 IPE were regenerated for 13 source term
categories. There are 27 Plant Damage States (PDSs) in Ref. F.1-2, which were
assigned to 13 source term categories. Table F.1-2 lists the conditional input
release fractions for each MACCS2 nuclide group. The assignment of the
adjusted radionuclides in Table F.1-1 to these nuclide groups is the same as that
given in the standard MACCS2 input.

The amounts (becquerels) of each radionuclide released to the atmosphere for
each accident sequence or release category are obtained by multiplying the
(adjusted) core inventory at the time of the hypothetical accident (adjusted from
Table F.1-1) by the release fractions (Table F.1-2) assigned to each of the nuclide
groups.

The offsite consequences are summed for all the release modes weighted by the
annual frequency to obtain the total annual accident risk, for the base case and for
each of the SAMA concepts evaluated. (This summation calculation is performed
outside of the MACCS2 code as part of the SAMA cost-benefit analyses.)

Meteorological Data

Yearly meteorological data has been generated for 1998 through 2000. The
hourly data (wind direction, wind speed, and stability category) were collected
on-site at Millstone Power Station. The wind direction and wind speed were
recorded at the most probable release height (tower 142 foot elevation), as well as
33 feet, 374 feet, and 447 feet; the stability data were determined by a Delta T
system measuring the temperature at the most probable release height, as well as
at 374 feet and 447 feet. The data were collected and stored by the
environmental personnel at Millstone Power Station. The data were provided to
EES personnel at the Innsbrook Technical Center where the data were transferred
to the corporate mainframe computer and any remaining unresolved data
situations were resolved by professional meteorologists. Precipitation data were
recorded at Green Airport near Providence, RI, the closest first order weather
station to Millstone.

Morning and afternoon mixing height values for 1998 through 2000 were obtained
from the National Climatic Data Center. Missing values were replaced where
possible as prescribed in the USEPA document "Procedures for Substituting
Values for Missing NWS Meteorological Data for Use in Regulatory Air Quality
Models.” All non-missing values greater than zero were considered valid.
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Fl1.2.4

F.1.2.5

A washout model which predicts how much radionuclide material is deposited on
the ground by rainfall was used. Washout is a function of both rain duration and
rain intensity. MACCS2 default washout coefficient values were assumed to be
appropriate for this evaluation.

Population Distribution

The population distribution and land use information for the region surrounding
the site are specified in the Site Data File. Contained in the Site Data file are the
geometry data used for the site (spatial intervals and wind directions), population
distribution, fraction of the area that is land, watershed data for the liquid
pathways model, information on agricultural land use and growing seasons, and
regional economic information. Some of the detailed data in this file supercedes
certain data in the EARLY input file.

Much of the data were initially prepared by the computer program SECPOP90
(Ref. F.1-3). This code contains a database extracted from Bureau of the Census
PL 94-171 (block level census) CD-ROMS (Ref. F.1-4), the 1992 Census of
Agriculture CD ROM Series 1B, the 1994 US Census County and City Data Book
CD-ROM, the 1993 and 1994 Statistical Abstract of the United States, and other
minor sources. The reference contains details on how its database was created
and checked. The output from SECPOP90 is a file in the MACCS?2 site file format
based on the data in its reference database for the specified site.

The Millstone Unit 2 plant is located in Waterford, Connecticut on the Long Island
Sound. The 50 mile radius area around the plant was divided into sixteen
directions that are equivalent to a standard navigational compass rosette. This
rosette was further divided into 10 "inner" radial rings, each with sixteen azimuthal
sections.

The SECPOP90-prepared Site data file was then modified and updated using the
MPS2 50 mile population distribution for the year 2030 in place of the 1990
Census SECPOP90 data, based on 2000 census data, projected out to 2030.
Pictures of the rosette for Millstone site 0-10 mile and 10-50 mile radii are shown
in Figures F.1-1 and Figures F.1-2 respectively.

Emergency Response

The EARLY module of the MACCS code models the time period immediately
following a radioactive release. This period is commonly referred to as the
emergency phase. It may extend up to 1 week after the arrival of the first plume at
any downwind spatial interval. The subsequent intermediate and long term
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F.1.2.6

periods are treated by CHRONC. In the EARLY module the user may specify
emergency response scenarios that include evacuation, sheltering, and
dose-dependent relocation. The EARLY module has the capability for combining
results from up to three different emergency response scenarios. This is
accomplished by appending change records to the EARLY input file. The first
emergency-response scenario is defined in the main body of the EARLY input file.
Up to two additional emergency-response scenarios can be defined through
change record sets positioned at the end of the file.

The emergency evacuation model has been modeled as a single evacuation zone
extending out 10 miles from the plant. The evacuation speed was estimated to be
an average of 1.49 m/s (3.3mph) and a 7200 second delay time from the off-site
alarm reference time point. Two sensitivity cases were made using evacuation
speeds of 1.2 m/s and 1.8 m/s to bound fair and adverse weather conditions. The
sensitivity results have shown that there is a small impact on population dose and
practically no impact on the economic cost based on the evacuation speed
change.

To demonstrate the possible significance of these assumptions, a sensitivity
MACCS2 run was made with the delay time from the reference time point,
parameter DLTSHL, increased by 0.5 hours (+1800 s) to 9000 seconds. The
results demonstrate that the MACCS2 consequences are not significantly
sensitive to the timings used.

Economic Data

Land use statistics including farmland values, farm product values, dairy
production, and growing season information were provided on a countywide basis
within 50 miles.

Much of the data is prepared by the computer program SECPOP90 (Ref. F.1-3). It
contains a database extracted from Bureau of the Census PL 94-171 (block level
census) CD-ROMS (Ref. F.1-4), the 1992 Census of Agriculture CD ROM
Series 1B, the 1994 US Census County and City Data Book CD-ROM, the 1993
and 1994 Statistical Abstract of the United States, and other minor sources. The
reference contains details on how the database was created and checked. The
SECPOP90 regional economic values were updated to 2001 using cost of living
and other data from the Bureau of the Census and the Department of Agriculture.
Agricultural data is taken from data available in the 1997 Census of Agriculture
(Ref. F.1-5). This was accomplished by replacing the SECPOP90 data for the
counties within the fifty mile radius by the value from this census. That is, the
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SECPOP90 county data base was modified so that the results produced by the
code were correctly assigned to the various economic regions.

Offsite economic consequences were estimated using the MACCS code by
summing the following costs:

Costs of evacuation,
Costs for temporary relocation (food, lodging, lost income),
Costs of decontaminating land and buildings,

Lost return-on-investments from properties that are temporarily interdicted to
allow contamination to be decreased by decay of nuclides,

Costs of repairing temporarily interdicted property,

Value of crops destroyed or not grown because they were contaminated by
direct deposition or would be contaminated by root uptake, and

Value of farmland and of individual, public, and nonfarm commercial property
that is condemned.

Onsite impacts (occupational exposure and facility clean-up costs) and
replacement power costs are not calculated by MACCS2 but are instead derived
from the methodology in NUREG/BR-0184, as described later in this appendix. In
addition, the MACCS2 code does not assign a monetary cost to radiological
exposure. An NRC-recommended conversion factor is subsequently applied for
this purpose.
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F.1.3

Results

Based on the preceding input data, MACCS2 was used to estimate the following:

The downwind transport, dispersion, and deposition of the radioactive materials released
to the atmosphere from the failed reactor containment.

The short- and long-term radiation doses received by exposed populations via direct
(cloudshine, plume inhalation, groundshine, and resuspension inhalation) and indirect
(ingestion) pathways.

The mitigation of those doses by protective actions (evacuation, sheltering, and
post-accident relocation of people; disposal of milk, meat, and crops; and
decontamination, temporary interdiction, or condemnation of land and buildings).

The early fatalities and injuries projected to occur within 1 year of the hypothetical
accident (early health effects) and the delayed (latent) cancer fatalities and injuries
projected to occur over the lifetime of the exposed individuals.

The offsite costs of short-term emergency response actions (evacuation, sheltering, and
relocation), of crop and milk disposal, and of the decontamination, temporary interdiction,
or condemnation of land and buildings.

The consequences calculated with the MACCS2 model in terms of the population dose and
offsite economic costs for the SAMA base case and two sample sensitivity cases are shown
in Table F.1-3.
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Table F.1-1.
Generic 3412 MWt Core Inventory.?
Core inventory Core inventory
Nuclide (becquerels) Nuclide (becquerels)
Cobalt-58 3.22E+16 Tellurium-131M 4.68E+17
Cobalt-60 2.47E+16 Tellurium-132 4.66E+18
Krypton-85 2.48E+16 lodine-131 3.21E+18
Krypton-85M 1.16E+18 lodine-132 4.73E+18
Krypton-87 2.12E+18 lodine-133 6.78E+18
Krypton-88 2.86E+18 lodine-134 7.44E+18
Rubidium-86 1.89E+15 lodine-135 6.39E+18
Strontium-89 3.59E+18 Xenon-133 6.78E+18
Strontium-90 1.94E+17 Xenon-135 1.27E+18
Strontium-91 4.62E+18 Cesium-134 4.32E+17
Strontium-92 4.80E+18 Cesium-136 1.32E+17
Yttrium-90 2.08E+17 Cesium-137 2.42E+17
Yttrium-91 4.37E+18 Barium-139 6.28E+18
Yttrium-92 4.82E+18 Barium-140 6.22E+18
Yttrium-93 5.45E+18 Lanthanum-140 6.35E+18
Zirconium-95 5.53E+18 Lanthanum-141 5.83E+18
Zirconium-97 5.76E+18 Lanthanum-142 5.62E+18
Niobium-95 5.22E+18 Cerium-141 5.65E+18
Molybdium-99 6.10E+18 Cerium-143 5.49E+18
Technetium-99M 5.26E+18 Cerium-144 3.41E+18
Ruthenium-103 4 54E+18 Praseodymium-143 5.40E+18
Ruthenium-105 2.95E+18 Neodymium-147 2.41E+18
Ruthenium-106 1.03E+18 Neptunium-239 6.46E+19
Rhodium-105 2.05E+18 Plutonium-238 3.66E+15
Antimony-127 2.79E+17 Plutonium-239 8.26E+14
Antimony-129 9.87E+17 Plutonium-240 1.04E+15
Tellurium-127 2.69E+17 Plutonium-241 1.76E+17
Tellurium-127M 3.56E+16 Americium-241 1.16E+14
Tellurium-129 9.27E+17 Curium-242 4.44E+16
Tellurium-129M 2.44E+17 Curium-244 2.60E+15
a. Ref. F1-1.
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Table F.1-2.
MPS2 Release Fraction by Nuclide Group.
Source
Term Noble
Category Gases | Cs Te Sr Ru La Ce Ba
M-1A 9.94E-01 5.52E-01 5.26E-01 1.73E-03 2.44E-04 3.14E-04 2.75E-06 3.31E-06 1.42E-03
*M-1A 1.0E+00 7.6E-01 7.8E-01 3.5E-01 1.2E-02 1.2E-01 2.6E-03 1.1E-02 4.3E-02
M-1B 1.00E+00 3.07E-02 3.21E-02 6.69E-03 9.56E-05 1.44E-04 1.62E-04 1.88E-04 1.29E-04
M-2 9.82E-01 2.08E-04 5.19E-04 1.61E-02 8.92E-06 7.37E-08 7.74E-07 5.35E-06 5.30E-06
M-3 9.81E-01 1.46E-02 1.39E-02 1.97E-02 5.49E-06 7.23E-05 1.35E-06 1.80E-06 2.98E-05
M-4 9.82E-01 2.08E-04 5.19E-04 1.61E-02 8.92E-06 7.37E-08 7.74E-07 5.35E-06 5.30E-06
M-5 9.82E-01 1.75E-03 2.71E-03 7.48E-02 5.06E-05 1.08E-06 5.11E-07 1.17E-05 2.87E-05
M-6 9.82E-01 1.75E-03 2.71E-03 7.48E-02 5.06E-05 1.08E-06 5.11E-07 1.17E-05 2.87E-05
M-7 9.82E-01 2.08E-04 5.19E-04 1.61E-02 8.92E-06 7.37E-08 7.74E-07 5.35E-06 5.30E-06
M-8 9.44E-01 1.80E-03 3.17E-03 8.82E-04 8.81E-07 1.61E-08 2.67E-08 2.43E-07 1.82E-05
M-9 5.45E-03 2.32E-08 2.43E-08 7.00E-07 3.19E-09 2.75E-11 1.73E-10 1.32E-09 1.58E-09
M-10 9.79E-01 2.27E-02 2.47E-02 7.95E-05 1.77E-06 1.51E-05 2.60E-07 2.87E-07 5.03E-05
M-11 6.56E-03 6.64E-08 7.00E-08 5.85E-07 3.68E-09 8.94E-13 1.15E-10 1.22E-09 2.63E-09
M-12 7.07E-03 1.17E-07 1.12E-07 5.95E-07 5.26E-09 1.00E-10 7.87E-10 3.77E-09 2.63E-09
* The MP3 sensitivity of the release fractions for the M1A source term category
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Table F.1-3.
MPS2 Summary of Offsite Consequence Results and Sensitivities for Each Release Mode.
Population Dose (Sieverts) Offsite Economic Costs (Dollars)
CET End
Point Basecase Basecase
(Release Release Category (100% ESPEED DLTSHL (100% ESPEED DLTSHL
Mode) Description Evac) =1.8m/s =9000 Evac) =1.8m/s =9000
M-1A Cont Bypass, 3.90E+04  3.89E+04 3.72E+04 9.56E+9 9.56E+9 9.56E+9
V-Sequence
M-1B Cont Bypass, SGTR  1.06E+04 1.06E+04 1.04E+04 1.69E+09 1.69E+09 1.69E+09
M-2 Early Cont Failure 1.18E+03 1.14E+03 1.27E+03 4.80E+7 4.80E+7 4.80E+7
Early melt No Sprays
M-3 Early Cont Failure 7.04E+03  7.03E+03 6.84E+03 7.24E+8 7.24E+8 7.24E+8
Late melt, No Sprays
M-4 Cont Iso Failure 1.32E+03 1.26E+03 1.45E+03 6.78E+7 6.78E+7 6.78E+7
M-5 Intermediate Cont 4.47E+03  4.30E+03 4.75E+03 2.00E+8 2.00E+8 2.00E+8
Fail
Late melt, No Sprays
M-6 Intermediate Fail 447E+03  4.31E+03 4.76E+03 2.00E+8 2.00E+8 2.00E+8
Early melt, No
Sprays
M-7 Late Fall 7.62E+02 7.62E+02 7.62E+02 2.57E+07 2.57E+07 2.57E+07
No sprays
M-8 Intermediate Fail 2.23E+03 2.23E+03 2.23E+03 2.23E+08 2.23E+08 2.23E+08
With Sprays
M-9 Late Fail 9.34E-02 9.34E-02 9.34E-02 3.93E+06  3.93E+06 3.93E+06
With sprays
M-10 Basemat Failure 1.02E+04  1.02E+04 1.02E+04 1.23E+09 1.23E+09 1.23E+09
No sprays
M-11 Basemat Failure 1.56E-01 1.56E-01 1.56E-01 8.27E+06 8.27E+06 8.27E+06
With sprays
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A fractional breakdown of the population dose (person-rem per year) by containment release mode
is shown on Table F.1-4.

Table F.1-4.
MPS2 Summary of Offsite Consequence Results for Each Release Mode.
CET End Basecase
Point Dose
(Release Release Category Basecase Person- Person-Rem  %Person-Rem

Mode) Description Frequency Rem Iyr Iyr

M-1A Cont Bypass, V-Sequence 1.07E-07 3.90E+06 4.17E-01 2.40%

M-1B Cont Bypass, SGTR 2.36E-06 1.06E+06 2.50E+00 14.36%

M-2 Early Cont Failure 0.00E+00 1.18E+05 0.00E+00 0.00%
Early melt, No Sprays

M-3 Early Cont Failure 6.86E-07 7.04E+05 4.83E-01 2.77%
Late melt, No Sprays

M-4 Cont Iso Failure 0.00E+00 1.32E+05 0.00E+00 0.00%

M-5 Intermediate Cont Fail 5.48E-06 4.47E+05 2.45E+00 14.06%
Late melt, No Sprays

M-6 Intermediate Cont Fall 1.37E-05 4.47E+05 6.12E+00 35.16%
Early melt, No Sprays

M-7 Late Cont Fail 2.14E-05 7.62E+04 1.63E+00 9.36%
No sprays

M-8 Intermediate Cont Fail 1.71E-05 2.23E+05 3.81E+00 21.89%
With Sprays

M-9 Late Cont Fail 0.00E+00 9.34E+00 0.00E+00 0.00%
With sprays

M-10 Basemat Failure 0.00E+00 1.02E+06 0.00E+00 0.00%
No sprays

M-11 Basemat Failure 0.00E+00 1.56E+01 0.00E+00 0.00%
With sprays

Total 8.13E+06 1.74E+01 100.00%
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Figure F.1-1
Year 2030 Population Data

MILLSTONE UNIT 2
Population Distribution Within 10 Miles

Graphics No: SV1144

POPULATION BY ANNULUS

Annulus | 0To2 | 2To3 | 3To4 | 4To5 [ 5To10 | Total
Population | 6,650 | 11,697 | 22,020 | 18,201 | 78,507 | 137,075
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Figure F.1-2
Year 2030 Population Data

MILLSTONE UNIT 2
Population Distribution Within 50 Miles

NNW

s
244,814 26,460 23,188
29503

102,458
22,882
W [292,878 @ % 9,149 E
30 nj
@ v N )
»

ESE

NE

ENE

WSW

S Graphics No: SV1145

POPULATION BY ANNULUS

Annulus | 0To 10 |10 To 20 | 20To 30 | 30 To 40 | 40 To 50 Total
Population | 137,075 | 232,120 | 289,938 | 958,451 (1,596,715 | 3,214,299
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F.2

F2.1

F.2.2

Probabilistic Risk Assessment Model

This section describes the Millstone Unit 2 Probabilistic Risk Assessment (PRA) model used
for the quantification of the reduction in CDF due to the SAMA changes to the model. The
resulting source term category frequencies were calculated using this model for all the
SAMASs that were screened in.

Introduction

The gquantitative analysis of the SAMAs was performed using the Millstone Unit 2
Probabilistic Risk Assessment (PRA) model. The PRA model used for the SAMA analysis
consists of the usual three elements: The Level 1 model looks at accident scenarios from
initiation to the point of a plant damage state (core damage with containment heat removal
status). The Level 2 model assesses the likelihood that the plant damage state (PDS) will
result in each of the release categories. The Level 3 model considers the distribution of the
released radionuclides to the environment which is discussed in Section F.1 above. A
discussion of the external events model and how it was accounted for in the SAMA benefit
calculation is shown below.

Level 1 Model

The Level 1 model was originally developed in response to the request for information
contained in Generic Letter 88-20. The fault tree linking approach was used and all event
trees and fault trees were developed based on plant drawings and procedures. The model
includes detailed fault tree models of all front line (accident mitigating) systems and their
support systems (HVAC, Electrical, Air). The model also included detailed event trees
which delineate accident sequences based primarily on the temporal response of the
systems needed to mitigate the initiating event. The MP2 PRA model chronology is shown
in Table F.2-1.
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Table F.2-1.
MPS2 PRA Model Chronology.
Date Description
12/90 Millstone 2 Level 1 model completed
6/93 Millstone 2 internal flooding analysis completed
8/93 Millstone 2 Level 1 model updated to reflect the as-designed, as-operated plant
12/93 Millstone 2 IPE submitted
5/94 Supplement regarding a potential vulnerability identified in the IPE submittal
® Updated the model to include the possibility of a RCP thermal barrier tube failure leading
to possible overpressurization of RBCCW and a small intersystem LOCA
9/95 Responses to the RAIs on the IPE submittal
12/95 Millstone 2 IPEEE submitted
5/96 Millstone 2 IPE approved, NRC SER issued
1/00 PRA updated (Rev. 0) plant-specific data incorporated
6/00 PRA updated (Rev. 1) incorporated changes to address significant peer review comments
and corrected modeling errors which include:
® Modified support system initiating event trees to ensure effects on mitigating systems are
captured.
® Correct inconsistencies in Feed and Bleed initiation timing
® Performed more detailed evaluation of several human actions basic events
1/01 Millstone 2 IPEEE approved, NRC SER issued
4/01 PRA update (Rev. 2) incorporated the Unit 1/Unit 2 electrical separation and the connection

to Unit 3

The information used in the Level 1 model was verified using plant walkdowns. An
independent peer review was conducted of the Level 1 and Level 2 models prior to submittal
to NRC.

A peer review was performed on the current PRA model used for the SAMA analysis during
January 2000.

A breakdown of the CDF by initiating event (specifically, SBLOCA, Transients, SW, SLB,
LOOP, RBCCW, SGTR, LLOCA and MLOCA) are shown on Figure F.2-1. It is seen that
Transients and SBLOCA contribute over two thirds to the total CDF for MP2.
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Figure F.2-1
MPS2 Breakdown of CDF by Initiating Event
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A list of the top 30 cutsets is shown in Table F.2-2 below.

Page E-F-17 January 2004



00z Arenuer

8T-4-Jabed

10-309°€ 9€°0 ave sng o) paubife 3y SNg OV AvZONIMSIV
L0-3/8°L 70-306'C 00°09/8  SO-JTEE (Joyeniur) uni oy sjrey YTT-d dwnd mO0gd NAVITdHrdgd%
v0-30v'8  ¥0-30v'8 Buijooa Jalreq [ewsayl Jo ssoj UaAIB sdOY du 0} e} sioyesado did1d0ddvO
70-308'8 88°0 uopesado ul Y8T-X XH pue vIT-d V8IXVITdTay
20-31T'T 00T  20-3TT'T puewsp uo uado 0} sjre} gT°9T-SD-Z SABA parelado J0JoN NNE9TSOANZSD
10-309°€ 9€°0 ave sng o) paubife 3y SNg OV AvrZONIMSIV
L0-395'8 70-306'C 00°09/8  SO-3TEE (Joyeniur) uni oy sjrey VTT-d dwnd MO0gd NAVITdHrdgd%
¥0-30¥'8  ¥0-30v'8 Buijooa Jalureq [ewsayl Jo ssoj uanIb sdOY du 0} re} sioyesado dl¥1d2ddvO
20-320°T 00T  20-320°T pueWwsp Uo 8S0J0 0} S|Iey 92" €-MS-Z dAeA paresado iy 449Z2EMSAVTIMS
10-308'8 88°0 uonesado ul D8T-X pue OTI-d D8TXOTldzgd
10-30%°9 790 vz sng Bums temod 0} paublle Oz SNG JVZONIMSIV
90-30v'T 70-306'C 00°09/8  SO-3TEE (Joyeniur) uni oy sjrey OTT-d dwnd MDOaY N4OTTddrdad%
¥0-30¥'8  ¥0-30v'8 Buijooa Jalureq [ewsayl Jo ssoj UaAIB sdOY du 0} ey sioyesadO dl¥1d2ddvO
70-308'8 88°0 uonesado Ul D8T-X pue JTT-d 28TXOTTdzay
20-31T'T 00T  20-3TT'T puewsp uo uado 0} s|re} YT'9T-SO-Z dAeA parelado J0JoN NNVITSOANTSD
10-30%°9 790 vz sng Bums Jemod 0} paublle Oz SNG DVZONIMSOV
90-3¢S'T 10-306'2 00°09/8  SO-ITEE (Jorenur) uni o3 sjrey OTT-d dwnd MOOay N4OTTdHrdad%
SO-AVY'T  SO-AVY'T (1oxeauq 's|iod ‘feubis) ainjrey duy Jojoeay OEREIRS
20-300°S S0'0 diy uIguny yum D LN dsianpe ue o Aijiqegold D1
90-3G/'T 00+3€V'C eV'e Jusisuel) Jueld [esauUD 1d9%
Alpigeqold  qoid uang  ainsodx3  aley |red uonduosaq sinduj

"s19S1ND 0g dol Jo Arewwns zSdIN

‘¢-¢d9lgel



00z Arenuer

6T-4-J9bed

00+300°'T Alingssa00ns saresado dM4VAL pue 0gs UsAIb swi uoissiw 5a 06,8903
10-3T6'T 6T°0 parejal Jayream - sinoy G'ZT Ul 1amod 8)ISYo 18A0081 0} ain|red MO0S.3LIS
¢0-308'v 00'v¢ €0-300°¢ unli o} sjre} |ssalp 04s N49d0gSodXdVv
T0-3TT'T 00've €0-3ar9'v uni o3 sjiey (NET-OGT) .4, Joresauab |9saiq N49.HO9Ad9AdcoV
T0-3TT'T 00've €0-3ar9'v uni o3 sjiey (NZT-9GT) v, Jorelsuab |9saiq NdV.HOAOATOV
£0-3T6°S €0-302°S €0-30¢°S pare|al Jayream - Jomod [ewliou Jo Sso MdNT%
¢0-300°'T ¢0-300°T laurens Janodai 0} s|ie} Jorerado NIVHLSMSVYO
¥0-301°'8 ¥0-30t°8 Buijood Jatureq [ewlayy Jo sso| UaAb sdOY dii o} |rey siojesadO dld1d2ddvO
L0-3€E9 ¢0-3€S°L or'LTL 70-3S0°'T (Joremur) ayesado 03 D pue ‘g ‘YT-7 SiBurens J0 40D dANOGVMSLSMS%
¥0-30v'8  ¥0-30v'8 Buiooa Jalireq fewisyl Jo ssoj UaAIB SdOY dui o) |re) sioresado did1do¥dvO
T0-30L°L 1.0 Buiresado O pue v sdwnd Jayem soIAI8S JVSdMS
¢0-320°T 00T ¢0-320°T puUBWSP UO 8SO0|J 01 S|Ie} 92°E-MS-Z dAeA parelado Iy 449ZCEMSAVTIMS
TO-301°9 790 Irz SNg Buims Jsmod 01 paubife D¥z SNg JVZONIMSIV
£0-39€°9 TO-3TS'T 00°09.8 G0-32L'T (1oreniur) uni 03 sjrey 9G-d dwind Jsyem 82IAI8S N4OSdMSEAMS%
v0-30v'8  ¥0-30v'8 Buiooa Jalireq [ewisyl Jo ssof UaAIB sdOY di 0} |re) sioresado did1do¥dvO
TO-30L°2 1.0 Buiresado O pue y sdwnd Jayem adIAI8S JVSdMS
¢O0-3TT'T 00'T ¢0-aTT'T puewsp uo uado 0} s|ie} YT 9T-SD-Z dA[eA palesado J0JoN NNVI9TSOANTSO
TO-301°9 790 Irz SNg Buims Jsmod 01 paubife Dy SNg JVZONIMSIV
£,0-326'9 TO-3TS'T 00°09.8 G0-32L'T (1oreniur) uni o} sjrey DG-d dwind Jayem a2iA18s N4OSdMSEAMS%
¥0-30t°'8 ¥0-30t°8 Buijood Jatreq [ewlayy Jo sso| Usnb sdOY dii o} |rey siojesadO dld1d2ddvO
¢0-3¢0'T 00'T ¢0-320'T puBWSP UO 3SO0|J 01 S|Ie} YZ'E-MS-Z dA[eA parelado Iy d4dVZEMSAVIMS
T0-308'8 880 uoiesado Ul ¥8T-X XH pue vTT-d V8TXVTTdTad
Allgeqold  qoid wuang  alnsodx3  aley |req uonduiosag sindu|

(‘u09D)

"s19S1ND 0g dol Jo Arewwns ZsSdiN

‘¢-¢d9lqgel



00z Arenuer

0¢-4-3 8bed

¥0-30¥'8  ¥0-307'8 Buijood Jalreq [ewsayl Jo sso| UaAIB sdOY du 0} e} sioyesado did1d2ddvo
10-30.°2 120 Bunesado O pue v sdwnd Jayem 30IA19S JVSdMS
20-31T'T 00T  Z0ATT'T puewap uo uado 0} s|ie} gT°9T-SD-¢ dA[eA paresado J0JoN NNE9TSOANZSD
T0-309°€ 9ge'0 dve sng o} paublfe 3z SNG OV avrZONIMSIV
L0-368°€ T0-31G°T 00'09/8  S0-32L'T (1ovemur) uni o1 sjrej eg-d dwind Jayem 82IM8S  NAVYSAMSEDMS% 1
Z0-30£°T 100 uoneioq Aouabiawa areniu 01 sjrey Joresado HOgaWavo
SO-AVY'T  SO-IV'T (1oxea.q *'s|i02 ‘[eubis) ainjre; duiy J0joeay 03731
10-3GG'Y 00+3E¥'2 EV'e jusisues Jueld [elauss 1d9% €T
¥0-36T'T ¥0'0  €0-39€'€ vels 01 O/d/V Tt-d sdwind ISdH €/€ 40 400 NNEETYdZdOdH
£0-309'v €0-398°¢ €0-398°¢ ainydni agny Joyesausb weas H19S% 2T
v0-30v'8  ¥0-30v'8 Buijood Jalireq [ewuay) Jo ssoj UsAIB SOy din 0} |rej sioresadO did1doddvo
00+300°T 00T (aT¥-d) dwnd Bums g ISdH ubife o1 sie} JoesadO d1vdvOo
10-308'8 88°0 uonresado ul D8T-X pue OTT-d D8TXOTTdzgy
€0-39¢°€ 00T  €0-39€€ vels o1 s|ie} vTy-d dwnd |SdH NNXVTydZdTdH
T0-301°9 ¥9°0 Iz sng bums samod 01 paubie Oz SNg OVZONIMSOV
L0-319'Y 70-306'C 00°09/8  SO-3TEE (Joremur) uni oy sjre} OTT-d dwnd MDOY N4OTTdHrdad% T
20-358°E ¥0'0 Z Wun o} |9salp Ogs ubife o} |re} siojeladO 9Q09dSENVO
00+300°'T Alingssa00ns saresado dM4VAL pue OGS USAIB swi uoissiw 9a 06/589a3
10-3T6'T 6T°0 paye|as 1ayyeam - sINoy G'ZT Ul 1amod 8)ISY0 18A0031 0} din|ied MO0S/3LIS
T0-3TT'T 002  €0-3Y9'Y uni o sjrey (neT-0ST) g, Joretauab [ssalq N49/H9A9azov
T0-3TT'T 002  €0-3Y9'Y uni o} sire} (ngT-0ST) e, Jojelaual |asalg NdV/HOA9ATov
L0-3vL'v €0-302°S €0-302°S pare[as Jayream - Jamod [ewlou Jo Sso MdN1% ol
Allgeqold  qoid wuang  alnsodx3  aley |req uonduiosag sindu|

(‘u09D)

"s19S1ND 0g dol Jo Arewwns ZsSdiN

‘¢-¢d9lqgel



00z Arenuer

T¢-4-39bed

T0-308°8 880 uoneisado ul D8T-X pue OTT-d 08TXO1Td2ad
€0-3€9°¢ 00'T €0-3€9°¢ adueualulew 10) SOO e ulel} |ISdH OXNIVY.12dTdH
TO-307°9 ¥9°0 3z Sng bums samod o) paubife Dz SN4 JZONIMSIV

L0-3T9'E T0-306°¢ 000928  SO-3TEE (1oremur) uni oy sjre} DTT-d dwnd MOOY N4OTTdHdrdad% 144
¥0-367°L 0T'0 €0-308°L uado 0} O/9/VT'8-MS SAOV ddrem a2IAISS g/ J0 40D NNODJLT8AVOMS

L0-36L°€ ¥0-390°G ¥0-390°S gz dooj ur Joremur YOO |[lBWS d4¢vOo01S% €c
¥0-361°L 0T'0 €0-308°L uado 01 D/g/VT'8-MS SAQV HdIem 82IAI8S €/Z 40 400 NNODAT8AVOMS

L0-36L°€ ¥0-390°S ¥0-390°S v dooj ut Joyeniul yO 07 [lews YZvO0O1S% (44
¥0-36¥°L 0T'0 €0-308°L uado 0} O/g/VT'8-MS SAQY Ja1em ad1AI3s €/2 Jo 400 NNODJLT8AVOMS

L0-36L°€ ¥0-390'S  ¥0-390°S g7 doo| ul Joreniul YOO [[rewsS aTvo01S% 1¢
¥0-36¥°L 0T'0 €0-308°L uado 0} O/9/VT'8-MS SAOV ddrem a2IAISS g/ J0 40D NNODJLT8AVIOMS

L0-36L°€ ¥0-390°S ¥0-390°S VT dooj ut Joyeniul YO 07 [lewsS YIVOO1S% (014
¥0-385°L L0°0 CO-3TT'T puewasp uo uado 01 gPVT 9T-SD-Z SanfeA pajelado Jojow SO Z/Z 40 400 NNTOTSOAINDSD

,0-328°€ ¥0-390°G ¥0-390°S gz dooj ur Joremur YOO |[lBWS d4¢vOo01S% 6T
¥0-3G5°L L0°0 20-3TT'T puewap uo uado 0} gRVT 9T-SO-Z SAAeA pajelado Jojow SO 2/¢ 4o 400 NNT9TSDANDISD

L0-328°€ ¥0-390'S  ¥0-390°S V¢ doo| ul Joreniul YOO [lews VZvOoOT1S% 8T
¥0-3G5°L 100 20-3TT'T puewsp uo uado 0} gRVT 9T-SO-¢ SdAeA paresado Jojow SI /¢ J0 400 NNT9TSOANDISD

,0-328°€ ¥0-390°G ¥0-390°G gt dooj ur Joremur YOO |[lBWS aTvOO1S% LT
¥0-385°L L0°0 cO-3TT'T puewsp uo uado 01 VT 9T-SD-Z SaAfeA parelado Jojow SO Z/Z 40 400 NNTOTSOAINDOSD

,0-328°€ ¥0-390°G ¥0-390°S VT dooj ul Jojeniul eao] [jews YIVOO1S% 9T
¥0-300'T 00T  ¥0-300°T puewsap uo uado 0} s|re} 92-SI-Z dA[eA %98YD NNX9ZSIOAIXSD

£0-398°€ €0-398°¢ €0-398°¢ ainydni agny Joyesausb weas H19S% ST

Allgeqold  qoid wuang  alnsodx3  aley |req uonduiosag sindu|

(‘u09D)

"s19S1ND 0g dol Jo Arewwns ZsSdiN

‘¢-¢d9lqgel



00z Arenuer

Z2-4-39bed

SO-IVP'T  SO-IVT (1>reauq ‘s|109 ‘feubis) ainjre} di Jojoesy oERENES|
€0-368'8 00T €0-368'8 puewsp uo aso|d 0] sjre} T0G-HO AOW 44TOSHOANTHO

L0-3TT°€ 00+3EV°¢ ev'e luaisuel jued [e1suss 1d9% (01
¥0-3¥6°'9 L0°0 ¢0-3¢0'T puewsp uo 8s0[d 0} g pue YZ'E-MS-2 SaA[eA parelado Jre Jo 400 d49VZEANVOMS

L0-3T9°€ 70-390°S 70-390°S g¢ dooj ul Joyeniul yOO1 [leWS a2cvo0T1S% 6¢
¥0-3¥6°'9 L0°0 ¢0-3¢0°T puewWap Uo 8SO0[D 0} g pue YZ'E-MS-2 SaAfeA pajelado Jre JO 400 d49VZEANVOMS

L0-3TS’€ ¥0-390°G ¥0-390°S vz dooj ui Joreniul yO01 llews YZvVOO1S% 8¢
¥0-3¥6'9 L0°0 ¢0-3¢0°T puewWwap Uo 8S0[d 0} g PUe YZ'E-MS-Z SaAeA palelado Jie Jo 400 d49VZEANVOMS

L0-3TS°€ ¥0-390°G ¥0-390°S g7 dooj ul Joreniul yOO1 [lews dTvOO1S% Ll
¥0-3¥6°'9 L0°0 ¢0-3¢0'T puewsap Uo 8s0[d 0} g pue VZ'E-MS-2 SaA[eA parelado Jre Jo 400 d49VZEANVOMS

L0-3T9°€ 70-390°'S 70-390°S VT dooj ul Joreniul yOO1 [lews VIVOO1S% 9
v0-30¥'8  v0-30v'8 Buiooo Jalireq fewisyl Jo ssoj UaAIB SdOY dui 0} |re) sioresado did1dO¥dvO
T0-30.°2 110 Bunelado O pue v sdwnd Jarem a2inIaS JVSdMS
¢0-320°T 00T ¢0-320°T puUBWSP UO 8SO0|J O} S|Ie} YZ'E-MS-Z dAeA parelado Iy d4VZEMSAVIMS
T0-309°€ 9€'0 ave snq o1 paubile 3yz SNg OV AYZONIMSOV

/0-389°€ TO-3TS'T 00°09.48 S0-3CL'T (Jovemur) uni 0 sjre} S-d dwind 1ayem a0IAI9S NdVSdMSEAMS% 14
v0-30¥'8  v0-30v'8 Buiooo Jalireq fewsyl Jo ssoj UsAIB SdOY di 0} |re) sioresado did1dO¥dvO

Allgeqold  qoid wuang  alnsodx3  aley |req uonduiosag sindu|

(‘u09D)

"s19S1ND 0g dol Jo Arewwns ZsSdiN

‘¢-¢d9lqgel



Millstone Power Station, Units 2 and 3
Application for Renewed Operating Licenses
Appendix F Appendix E - Environmental Report

F.2.3 Level 2 Model

A full Level 2 model was developed for the IPE and completed at the same time as the
Level 1 model. The Level 2 model consists of a containment event tree with nodes that
represent phenomenological events. The nodes were quantified using subordinate trees
and logic rules. The original Level 2 model was updated slightly for the SAMA analysis.
Recent experimental results have shown that certain outcomes on the containment event
tree are much less likely than previously thought. These changes were incorporated into
the Level 2 model. A list of the plant damage states (PDS) and descriptions, used for the
Level 2 analysis is shown on Table F.2-3 below.
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Millstone Power Station, Units 2 and 3
Application for Renewed Operating Licenses

Appendix F Appendix E - Environmental Report
Table F.2-3.
Notation and Definitions for MPS2 Plant Damage States.
PDS Description
AEC Large or medium LOCA, early core damage, no containment heat removal
AEF Large or medium LOCA, early core damage, CAR fans available
AEH Large or medium LOCA, early core damage, high RCS pressure
AEL Large or medium LOCA, early core damage, low RCS pressure
AL Large or medium LOCA, late core damage, containment spray available
ALC Large or medium LOCA, late core damage, no containment heat removal
ALFH Large or medium LOCA, late core damage, CAR fans available, high RCS pressure
ALFL Large or medium LOCA, late core damage, CAR fans available, low RCS pressure
SECH Small or small small LOCA, early core damage, no containment heat removal, high RCS pressure
SECL Small or small small LOCA, early core damage, no containment heat removal, low RCS pressure
SEF Small or small small LOCA, early core damage, CAR fans available
SEGH Small or small small LOCA, early core damage, containment spray available after AC recovery high
RCS pressure
SEH Small or small small LOCA, early core damage, high RCS pressure
SEL Small or small small LOCA, early core damage, low RCS pressure
SLCH Small or small small LOCA, late core damage, no containment heat removal, high RCS pressure
SLCL Small or small small LOCA, late core damage, no containment heat removal, low RCS pressure
SLFH Small or small small LOCA, late core damage, CAR fans available, high RCS pressure
SLFL Small or small small LOCA, late core damage, CAR fans available, low RCS pressure
SLH Small or small small LOCA, late core damage, high RCS pressure
SLL Small or small small LOCA, late core damage, low RCS pressure
TECH Transient, early core damage, no containment heat removal, high RCS pressure
TEFH Transient, early core damage, CAR fans available, high RCS pressure
TEGH Transient, early core damage, containment spray available after AC recovery, high RCS pressure
TEH Transient, early core damage, high RCS pressure
TL Transient, late core damage
\% Interfacing System LOCA
V2 Steam Generator Tube Rupture bypassing containment

Table F.2-4 is an expression of the MPS2 Level 2 IPE in a form consistent with current MPS2
PRA practice. This table shows the transformation matrix used to convert the PDS
frequencies to the STC frequencies. The correlation between the IPE PDSs and the current
PDSs are given on the two left hand columns of Table F.2-4. The first column in the table
shows the old PDS nomenclature used for the MP2 IPE which was modified to the current
nomenclature shown in the second column. The conversion of the MPS2 Level 2 PDS
nomenclature is a multi-step process. These steps include:

®* New RCs are first given descriptions in terms of the IPE RC criteria
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Millstone Power Station, Units 2 and 3
Application for Renewed Operating Licenses
Appendix F Appendix E - Environmental Report

* New RCs are given the attributes of Early or Late depending on whether releases start
within about 2 hours or later

® Timing data for core uncovery and release start time is assigned to each RC

® \/olatiles using Csl release fractions are classified as High, Medium or Low according to IPE
criteria

® Non-volatiles are classified similarly using Te release fractions

® These attributes are consolidated in IPE form, using MP2 IPE nomenclature which forms
the basis for correlating the two sets of RCs

®* The IPE RCs are correlated to the current RCs based on similarity of the release time,
release level, and failure mode

® The (conditional IPE RCs as a function of IPE PDS) Table 4.9-5 in the MP2 IPE report was
then converted to current Table F.2-4 using the previous step results as a directory

Also, since the original IPE submittal, a new set of release categories has been developed,
as shown in Table F.2-5. New release category frequencies have been calculated which
were used for this SAMA analysis. The new baseline release category frequencies are
shown on Table F.F.2-6 below.

The current version of the PRA model was used for the SAMA analysis. The quantification of
the CDF change due to the SAMA changes was made using the CAFTA computer code at a
truncation value of 1.0E-11.
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Table F.2-5.

Notation and Definitions for MPS2 Containment Release Categories.

Release Category

Description

M1A
M1B
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12

Containment Bypass, V-Sequence
Containment Bypass, SGTR

Early Failure/Early Melt, No Sprays

Early Failure/Late Melt, No Sprays
Containment Isolation Failure
Intermediate Failure/Late Melt, No Sprays
Intermediate Failure/Early Melt, No Sprays
Late Failure, No Sprays

Intermediate Failure With Sprays

Late Failure With Sprays

Basemat Failure, No Sprays

Basemat Failure With Sprays

No Containment Failure
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Table F.2-6.

MPS2 Baseline STC Frequencies.
STC: Base Frequency
M1A 1.07E-07
M1B 2.36E-06

M2 0.00E+00
M3 6.86E-07
M4 0.00E+00
M5 5.48E-06
M6 1.37E-05
M7 2.14E-05
M8 1.71E-05
M9 0.00E+00
M10 0.00E+00
M11 0.00E+00
M12 1.08E-05
Sum 7.17E-05

F.2.4 PRA IPEEE Model

The PRA results used in this analysis are calculated using internal event results only,
because MPS2 does not currently have a complete external events model. Only a
gualitative screening analysis using a combination of the Fire Induced Vulnerability
Evaluation (FIVE) methodology and Fire PRA was used (Ref. F.2-2). To account for the
potential impact of external events on the results of these SAMA evaluations, the benefits of
each SAMA were multiplied by a factor for purposes of comparing with its cost.

The following summarizes the IPEEE at Millstone Unit 2:

The seismic, high winds and external flooding analyses resulted in the finding that the plant
is adequately designed to protect against the effects of these natural events. These events
were screened out using the NUREG-1407 and EPRI NP-6041-SL methodology. In
summary, none of these external events was significant enough to warrant a rigorous CDF
calculation.

The external events contribution to the CDF consists mostly of fire events but other events
were considered. The plant fire CDF contribution is 6.3E-6/year. The fire analysis found
that five fire areas required detailed analysis: the auxiliary building (47 percent), the turbine
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building (25 percent), the intake structure (14 percent), the control room (10 percent), and
the cable vault (4 percent). Additional events considered include: the plant internal flood
CDF contribution of 0.2E-6/year and seismic contribution of 9.1E-6/year. Although the
seismic contribution could be screened out it was included here for the purpose of a
bounding evaluation. The total external events contribution is 1.56E-5/year.
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F.2.5 References

Ref. F.2-1

Ref. F.2-2

Millstone Power Station Unit 2, Individual Plant Examination for Severe
Accident Vulnerabilities (IPE), Northeast Utilities, December 1993.

Millstone Power Station Unit 2, Response to Generic Letter 88-20,
Supplements 4 and 5, Individual Plant Examination for External Events
(IPEEE) - Summary Report, Docket No. 50-336 B15481, Northeast Utilities,
December 29, 1995.
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F.3 Evaluation Of Candidate SAMAs

This section describes the generation of the initial list of potential SAMAs for MPS2,
screening methods and the analysis of the remaining SAMAs.

F.3.1 SAMA List Compilation

Dominion generated a list of candidate SAMAs by reviewing industry documents and
considering plant-specific enhancements not considered in published industry documents.
Industry documents reviewed include the following:

® The MPS2 IPE submittal (only items not already evaluated and/or implemented during
the IPE) (Ref. F.3-1)

®* The Watts Bar Nuclear Plant Unit 1 PRA/IPE submittal (Ref. F.3-2)

®* The Limerick SAMDA cost estimate report (Ref. F.3-3)

* NUREG-1437 description of Limerick SAMDA (Ref. F.3-4)

* NUREG-1437 description of Comanche Peak SAMDA (Ref. F.3-5)

* Watts Bar SAMDA submittal (Ref. F.3-6)

®* TVA response to NRC's RAI on the Watts Bar SAMDA submittal (Ref. F.3-7)
* Westinghouse AP600 SAMDA (Ref. F.3-8)

* Safety Assessment Consulting (SAC) presentation by Wolfgang Werner at the NUREG
1560 conference (Ref. F.3-9)

®* NRC IPE Workshop - NUREG 1560 NRC Presentation (Ref. F.3-10)

* NUREG 0498, supplement 1, section 7 (Ref. F.3-11)

* NUREG/CR-5567, PWR Dry Containment Issue Characterization (Ref. F.3-12)
* NUREG-1560, Volume 2, NRC Perspectives on the IPE Program (Ref. F.3-13)
* NUREG/CR-5630, PWR Dry Containment Parametric Studies (Ref. F.3-14)

* NUREG/CR-5575, Quantitative Analysis of Potential Performance Improvements for the
Dry PWR Containment (Ref. F.3-15)

* CE System 80+ Submittal (Ref. F.3-16)
®* NUREG 1462, NRC Review of ABB/CE System 80+ Submittal (Ref. F.3-17)

* An ICONE paper by C. W. Forsberg, et. al, on a core melt source reduction system
(Ref. F.3-18)

®* NRC Submittal Letter, MPS2 Response to Generic Letter 88-20, Supplements 4 and 5,
IPEEE summary report (only items not already evaluated and/or implemented during the
IPEEE), December 29, 1995 (Ref. F.3-19)
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F.3.2

® Additional items from the Millstone PRA staff from the review of the most significant Basic
Events which were sorted by the Fussell-Vesely parameter

®* The Calvert Cliffs Nuclear Power Plant Application for License Renewal (Ref. F.3-21)

®* The North Anna and Surry Nuclear Power Plant Applications for License Renewal
(Ref. F.3-22)

Although MPS2 is a Combustion Engineering design, each of the above documents were
reviewed for potential SAMAS, even if they were not necessarily applicable to a Combustion
Engineering plant. SAMAs not applicable to MPS2 were subsequently screened from this
list. The document reviews did not include sections pertaining to containment performance
improvement programs for boiling water reactors and ice condenser plants. Conceptual
enhancement for which no specific details were available (e.g., "improve diesel reliability" or
"improve procedures for loss of support systems") were not adopted as potential SAMAS,
unless they were considered as vulnerabilities in the MPS2 IPE or updated PRA analyses.

The review of the most significant Basic Events which were sorted by the Fussell-Vesely
parameter also yielded a significant amount of SAMAs which were used for this evaluation.
A patrtial list of these sorted Basic Events is shown on Table F.3-4.

Qualitative Screening of SAMAs

Table F.3-1 lists the 196 potential SAMAs that were identified for consideration. SAMA
items 159-196 of this list were obtained by the review of the most significant Basic Events
which were sorted by the Fussell-Vesely parameter or the corresponding risk reduction
worth (RRW) parameter. Those Basic Events were considered whose Fussell-Vesely
parameter was greater than 0.005 or whose RRW parameter was greater than 1.005.
Table F.3-1 also presents a qualitative screening of these SAMAs. Items were eliminated
from further evaluation based on one of the following criteria:

® (Criterion A): The SAMA is not applicable at MPS2, either because the enhancement is
only for boiling water reactors, the Westinghouse AP600 design or PWR ice condenser
containment, or it is a plant-specific enhancement that does not apply at MPS2.

® (Criterion B): The SAMA has already been implemented at MPS2 (or the MPS2 design
meets the intent of the SAMA).
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F.3.3

® (Criterion C): The SAMA is related to a Reactor Coolant pump (RCP) seal vulnerability at
many PWRs stemming from charging pump dependency on Component Cooling Water
(CCW). MPS2 does not have this vulnerability because the charging pumps are not used
for RCP seal injection. MP2 is a CE design that uses the RBCCW pump to provide RCP
seal cooling. However, other RCP seal LOCA improvements will still be considered.

Based on the preliminary screening of the 196 SAMASs, 152 were eliminated, leaving 44
subject to the cost/benefit process. The 44 SAMASs left after the initial screening are listed in
Table F.3-2.

The final screening process involved identifying and eliminating those items whose cost
exceeded their benefit. Table F.3-2 provides a description of the evaluation of each and
provides the basis for their elimination or describes their final resolution. In general, the
conclusion of most quantitative analyses resulted in a cost that exceeded the benefit by at
least a factor of two. The presentation of the factor of two in Table F.3-2 provided
confidence that even when uncertainties are considered, the cost would still exceed the
benefit.

One SAMA was considered to be within the cost estimate range, which is SAMA #3, whose
improvement includes enhancing the loss of RBCCW procedure to consider RCS cooldown
and depressurization prior to a seal LOCA. The RBCCW provides seal, thermal barrier,
upper and lower bearing cooling for the RCPs. Dominion is addressing this issue as part of
a comprehensive industry initiative, in response to NRC Generic Issue 23 (GI-23), "Reactor
Coolant Pump Seal Failure.” The Combustion Engineering Owners Group (CEOG) is
addressing this in CEOG Task 1136, "Model for Failure of RCP Seals Given Loss of Seal
Cooling.”

Analysis of Potential SAMASs

The methodology used for this evaluation was based upon the NRC's guidance for the
performance of cost-benefit analyses (Ref. F.3-20). This guidance involves determining the
net value for each SAMA according to the following formula:

Net Value = (APE + AOC + AOE + AOSC) - COE
where:

APE = presentvalue ($) of averted public exposure from the results of the MACCS2
model,

AOC present value ($) of averted offsite property damage costs from the results of

the MACCS2 model,
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AOE = present value ($) of averted occupational exposure from the guidance
provided in Ref. F.3-20,

AOSC = present value ($) of averted onsite costs including cleanup/
decontamination costs, repair/refurbishment costs, replacement power
costs,

COE = cost of enhancement ($).

If the net value of a SAMA is negative, the cost of implementing the SAMA is larger than the
benefit associated with the SAMA and is not considered beneficial. The derivation of each
of these costs is described below.

The following specific values were used for various terms in the analyses:
Present Worth

The present worth was determined by:

1 e—rt

r

PW =

where:
ris the discount rate = 7 percent (as prescribed by NUREG/BR-0184 {Ref. F.3-20])
r is the duration of the license renewal = 20 years

PW is the present worth of a string of annual payments = 10.76

Dollars per REM

The conversion factor used for assigning a monetary value to on-site and off-site exposures
was $2,000/person-rem averted. This is consistent with the NRC's regulatory analysis
guidelines presented in and used throughout NUREG/BR-0184, Ref. F.3-20.

On-site Person REM per Accident

The occupational exposure associated with severe accidents was assumed to be 23,300
person-rem/accident. This value includes a short-term component of 3,300
person-rem/accident and a long-term component of 20,000 person-rem/accident. These
values are the "best estimate" values provided in Section 5.7.3 of Ref. F.3-20. In the
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cost-benefit analyses, the accident-related on-site exposures were calculated using the best
estimate exposure components applied over the on-site cleanup period.

On-site Cleanup Period

In the cost-benefit analyses, the accident-related on-site exposures were calculated over a
10-year cleanup period.

Present Worth On-site Cleanup Cost per Accident

The estimated cleanup cost for severe accidents was assumed to be $1.5E+09/accident
(undiscounted). This value was derived by the NRC in Ref. F.3-20, Section 5.7.6.1,
Cleanup and Decontamination. This cost is the sum of equal annual costs over a 10-year
cleanup period. At a 7 percent discount rate, the present value of this stream of costs is
$1.1E+09.

Methods for Calculating Averted Costs Associated with Onsite Accident Dose and
Property Loss Costs

a) Immediate Doses (at time of accident and for immediate management of emergency)

For the case where the plant is in operation, the equations in Ref. F.3-20 can be expressed

as:

—rte
Wip = (FleoS‘FADmA)Rl_? (1)
where:

W|o = monetary value of accident risk avoided due to
immediate doses, after discounting

R = monetary equivalent of unit dose, ($/person-rem)

= accident frequency (events/yr)

Do = immediate occupational dose (person-rems/event)
S = status quo (current conditions)
A = after implementation of proposed action
r = real discount rate
tr = years remaining until end of facility life.

Page E-F-35 January 2004



Millstone Power Station, Units 2 and 3
Application for Renewed Operating Licenses
Appendix F Appendix E - Environmental Report

The values used are:

R = $2000/person rem
r = .07
Do = 3,300 person-rems /accident (best estimate)

The license renewal time of 20 years is used for t;

For the base discount rate, assuming Fp is zero, the best estimate of the limiting saving is

—rt;
Wip = (FleoS)Rl_f

_ *
L0720

= 3300 * F *$2000 * &
= F * $6,600,000 * 10.763

= F *$0.71E+8, ($).
b) Long-Term Doses (process of cleanup and refurbishment or decontamination)

For the case where the plant is in operation, the equations in Ref. F.3-20 can be expressed

as:
rt
f —
w :(F D, - ~F,D )R*l‘e c1ze 2)
L1o = (FsPLro~FaPLto, ; pr
where:

W, = monetary value of accident risk avoided long term doses, after discounting,
$
m = years over which long-term doses accrue.
The values used are:
R =$2000/person rem
r =.07
Dito = 20,000 person-rem /accident (best estimate)
m = “as long as 10 years”

The license renewal period of 20 years is used for t;
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For the discount rate of 7 percent assuming Fp is zero, the best estimate of the limiting

saving is
—rt
f -rm
_ l-e 1-e
WLTO_(FSDLTOS)R* T T
10720, —07*10
= (Fa 2 2000*=— -
(Fg 20,000 $2000 .07 .07*10

= FS*$4O,000,000*10.763*0.719

= Fg*$3.095E + 8, ($)

c) Total Accident-Related Occupational (On-site) Exposures

Combining equations (1) and (2) above, using delta (A) to signify the difference in accident
frequency resulting from the proposed actions, and using the above numerical values, the
long term accident related on-site (occupational) exposure avoided (AOE) is:

Best Estimate:

AOE = DW, + DW 1 oAF*$(0.71+3.1)E + 8 = DF * $3.81E + 8($)

Methods for Calculation of Averted Costs Associated with Accident-Related On-Site
Property Damage

a) Cleanup/Decontamination

Ref. F.3-20 assumes a total cleanup/decontamination cost of $1.5E+9 as a reasonable
estimate and this same value was adopted for these analyses. Considering a 10-year
cleanup period, the present value of this cost is:

where:
PVep = Present value of the cost of cleanup/decontamination.
Ccp = Total cost of the cleanup/decontamination effort.
m = Cleanup period.
r = Discount rate.
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Based upon the values previously assumed:

_07*
PV _($1.5E + 9) l-e 0710

CDh "~ 10 .07
PVCD =$1.079E + 9

This cost is integrated over the term of the proposed license renewal as follows

—rt
l-e f

U co

=PV

CD

Based upon the values previously assumed:
Ucp = $1.079E+9 [10.763]
Ucp = $1.161E+10

b) Replacement Power Costs

Replacement power costs, Ugp, are an additional contributor to onsite costs. These are
calculated in accordance with NUREG/BR-0184, Section 5.6.7.2.1 Since replacement
power will be needed for that time period following a severe accident, for the remainder of
the expected generating plant life, long-term power replacement calculations have been
used. For a ‘generic’ plant of 910 MWe, the present value of replacement power is
calculated as follows:

_($12E+8 )2
PVRP_( r )[l_e ]

1. The section number for Section 5.6.7.2 apparently contains a typographical error. This section is a
subsection of 5.7.6 and follows 5.7.6.1. However, the section number as it appears in the NUREG
will be used in this document.

Page E-F-38 January 2004



Millstone Power Station, Units 2 and 3
Application for Renewed Operating Licenses

Appendix F Appendix E - Environmental Report
where:
PVrp = Present value of the cost of replacement power for a single event.
t; = years remaining until end of facility life.
r = Discount rate.

The $1.2E+8 value has no intrinsic meaning but is a substitute for a string of non-constant
replacement power costs that occur over the lifetime of a "generic" reactor after an event
(from Ref. F.3-20). This equation was developed per NUREG/BR-0184 for discount rates
between 5 percent and 10 percent only.

For discount rates between 1 percent and 5 percent, Ref. F.3-20 indicates that a linear
interpolation is appropriate between present values of $1.2E+9 at 5 percent and $1.6E+9 at
1 percent. So for discount rates in this range the following equation was used to perform
this linear interpolation.

_ (L($L.6E+9) - ($L.2E +9)] 4, _
PVgp = ($L6E +9) - T [r - 1%])
where:
rs = Discount rate (small), between 1 percent and 5 percent.

To account for the entire lifetime of the facility, Ugp was then calculated from PVgp, as
follows:

PV —rtp 2
Upp = Rp[l—e f]

RP r

where:
Urp = Present value of the cost of replacement power over the life of the facility.

Again, this equation is only applicable in the range of discount rates from 5 percent to
10 percent. NUREG/BR-0184 states that for lower discount rates, linear interpolations for
Ugrp are recommended between $1.9E+10 at 1 percent and $1.2E+10 at 5 percent. The
following equation was used to perform this linear interpolation:

[($1.9E+ 10) - ($1.2E + 10)] ,
[5% - 1%]

URP:($1.9E+10)-( [rs-l%])
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where:
rs = Discount rate (small), between 1 percent and 5 percent.

MPS2 has a design electrical rating (DER) of 870 MWe. The DER of 870 MWe will be used
in this calculation, yielding a scaling factor of 0.96 (870/910) to be applied to these formulae.

c) Repair and Refurbishment

It is assumed that the plant would not be repaired.

d) Total Onsite Property Damage Costs

The total averted onsite damage costs is, therefore:

AOSC = F*(Up + Ugp)

Where F = Annual frequency of the event.
Accident-Related Off-Site Dose Costs

Offsite doses were determined using the MACCS2 model developed for MPS2. Costs
associated with these doses were calculated using the following equation:

—I tf

-F,D )Rl‘e (1)
A

Ppg ~FaPp ;

APE = (FS

APE = monetary value of accident risk avoided due to population doses, after discounting
= monetary equivalent of unit dose, ($/person-rem)
= accident frequency (events/yr)
Dp = population dose factor (person-rems/event)
S = status quo (current conditions)
A = after implementation of proposed action
r = real discount rate

tr = years remaining until end of facility life.

Using the values for r, t;, and R given above:

Wp = ($2.15E + 4)(FSDPS - FADPAj
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Accident-Related Off-Site Property Damage Costs

-t
l-e f

AOC = [FSPDS - FAPDJ

AOC = monetary value of accident risk avoided due to offsite property damage, after
discounting

Pp = offsite property loss factor (dollars/event)

The evaluation process described in Ref. F.3-20 calculates the value of averted risk on an
annual basis. Therefore, a method of "discounting” is used to calculate the "present value"
or "present worth of averted risk" based on a specified period of time. For this analysis, a
discount rate of 7 percent as prescribed in Ref. F.3-20 was used to determine the present
worth of averted risk over the 20 year license renewal period for MPS2.

The PSA results used in this analysis are calculated using internal event results only,
because MPS2 does not currently have a complete external events model. To account for
the potential impact of external events on the results of these SAMA evaluations, the
benefits of each SAMA were multiplied by a factor of 1.3 for purposes of comparing with its
cost. Further description of how the 1.3 multiplier was calculated is described below.
However, for some SAMAs that relate only to specific internal events initiators (e.g., some
SGTR and ISLOCA SAMAS), the benefits will not necessarily be multiplied. In addition, to
account for uncertainties, the benefit of each SAMA list in Table F.3-2 is doubled for
purposes of the comparison with its cost, except for SGTR and ISLOCA SAMAs.

The 1.3 multiplier and doubling of the benefit bounds any contribution that would be
expected from the external events effects. The following summarizes the IPEEE at
Millstone Unit 2:

The external events contribution of 1.56E-5/year (from Section F.2.4) compares to a base
CDF of 7.2E-5/year from the internal events model used to calculate SAMA benefit. The
ratio of the internal events plus the external events, over the internal events yields a value of
1.22, (rounded up to 1.3) was used as an external events multiplier, on all the SAMA
benefits except for the SGTR and ISLOCA events. In addition, as an extra measure of
conservatism to account for parameter uncertainties, these SAMA benefits were doubled
when compared to the cost values.

The maximum theoretical benefit (also called Maximum Attainable Benefit, or MAB) is
based upon the elimination of all plant risk (CDF=0.0) and equates to the previously
calculated base case risk. The monetary value of the risk associated with those SAMAs
that involve major plant modifications may simply be compared with this benefit as a means
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F.3.4

of eliminating them from further consideration (e.g., a SAMA that would require construction
of a large structure might be compared with the MAB).

The SAMA cost estimates do not always require rigorous effort, since the benefit from many
of the SAMAs is found to be much less than even an order of magnitude estimate of the
cost. Detailed cost estimating is only applied in those situations in which the benefit is
significant and application of judgement would be questioned.

Sensitivity Analyses

The PRA calculations of SAMA benefit are recognized to have some uncertainty around the
mean frequencies used in the analyses. The uncertainty is related to both quantifiable
uncertainty distributions of the data and unquantifiable uncertainty in the PRA assumptions.
To account for the possible uncertainty, rather than perform a quantitative uncertainty
analysis, the following sensitivity analyses were performed to bound the analysis.

NUREG/BR-0184 recommends using a 7 percent real (i.e., inflation-adjusted) discount rate
for value-impact analysis and notes that a 3 percent discount rate (Case 1) should be used
for sensitivity analysis to indicate the sensitivity of the results to the choice of discount rate.
This reduced discount rate takes into account the additional uncertainties (i.e., interest rate
fluctuations) in predicting costs for activities that would take place several years in the
future. Analyses presented in Section F.3.3 used the 7 percent discount rate (Baseline
Case) in calculating benefits of all the unscreened SAMAs. Dominion also performed a
sensitivity analysis by substituting the lower discount rate and recalculating the benefit of
the candidate SAMAs. In addition, a sensitivity case was run using a 15 percent discount
rate (Case 2), which is judged to be more realistic for Dominion.

A total of fifteen sensitivity cases were analyzed, each varying an aspect of the MACCS2
input deck. These MACCS2 runs included 1 Baseline case plus 15 sensitivity cases. The
Baseline case used the best estimate values with year 2030 population projections, an
evacuation speed of 1.49m/s and year 2000 meteorological data. The Baseline case
assumed that 100 percent of the population within the 10 mile radius of the plant will
evacuate. A sensitivity run (Case 3) on evacuation modeling was carried out by assuming
an evacuation scenario wherein 95 percent of the population are evacuated normally and
5 percent are not evacuated at all (within the 10 mile emergency zone). Two sensitivity runs
were made to evaluate the evacuation speed (ESPEED) and another to evaluate the delay
time to take shelter from the reference time point parameter (DLTSHL). Case 4 and
Case 11 evaluated an evacuation speed of 1.8 m/s and 1.2 m/s respectively. Case 5
evaluated a delay time to take shelter from the reference time point of 9000 seconds.
Another sensitivity run (Case 6) was made to determine the impact of a 10 percent increase
in the core power (CORSCA) on the resulting population dose. Two sensitivity runs (Case 7
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and Case 8) were made using 1999 and 1998 meteorological data respectively. A
sensitivity run (Case 9) was made to determine the impact of doubling the plume release
height (PLHITE) on the resulting population dose. Sensitivity Case 10 was made by
doubling the duration of source term release time, MACCS parameter (PLDUR), to
determine the impact on the resulting population dose. Sensitivity Case 12 determined the
impact of a 10 percent decrease on the plume heat parameter PLHEAT. Sensitivity Case 13
was made to determine if the dollar cost for release categories M9 and M11 relative to the
Baseline case, is sensitive to the source term data. Sensitivity Case 13 was made by using
the release category M10 source term data in place of the M9 and M11 data. It was
determined that use of the higher M10 source term data in place of the M9 and M11 data
resulted in higher dollar cost to the environment relative to the Baseline case. Sensitivity
Case 14 was added to include the source term category M12 which is a "No Containment
failure with design leakage SBO". Sensitivity Case 15 was included to determine the
sensitivity of using the MP3 modeled V-sequence source term release fractions instead of
the MP2 surrogate SGTR values used in the Baseline Case.

A summary of the sensitivity cases is as follows:

® Baseline Case - Year 2000 Met Data, 100 percent Evacuation
® Case 1 - 3 percent Discount Rate

® Case 2 - 15 percent Discount Rate

® Case 3 - Sensitivity Case: WTFRAC =0.95

® Case 4 - Sensitivity Case: ESPEED = 1.8 m/s

® Case 5 - Sensitivity Case: DLTSHL =9000 s

® Case 6 - Sensitivity Case: CORSCA=x1.1

® Case 7 - Sensitivity Case: 1999 Met Data

® Case 8 - Sensitivity Case: 1998 Met Data

® Case 9 - Sensitivity Case: PLHITE = 2(x)

® Case 10 - Sensitivity Case: PLDUR = 2(x)

® Case 11 - Sensitivity Case: ESPEED=1.2 m/s

® Case 12 - Sensitivity Case: PLHEAT-10 percent

® Case 13 - Sensitivity Case: Same as CASE3 except set Source Term for M9 and M11 =
M10
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® Case 14 - Sensitivity Case: Same as Baseline Case except add source term category
M12

® Case 15 - Sensitivity Case: Same as CASE14 except use MP3 source term for M1A

The benefits calculated for each of these sensitivities are presented in Table F.3-3. As seen
in the table, all of the sensitivity cases result in less than a factor of 2 increase in the benefit
calculation. Table F.3-2 showed that all of the SAMAs except for SAMA #3 screened with
costs at least twice the benefit, so it is concluded that the cost-benefit results hold true even
when the many uncertainties are considered.
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F.4

Results and Conclusions

An Integrated Plant Assessment has been made in accordance with 10CFR54.21, Ref. F.4-1.
After all screening and cost-benefit analyses, there is only one SAMA which fell within the
estimated cost estimate range; SAMA #3, whose improvement includes enhancing the loss
of RBCCW procedure to consider RCS cooldown and depressurization prior to a seal LOCA.
The RBCCW provides seal, thermal barrier, upper and lower bearing cooling for the RCP's.
Dominion actively participates in a comprehensive industry initiative, in response to NRC
Generic Issue 23 (GI-23), "Reactor Coolant Pump Seal Failure." Dominion is following the
industry efforts on this issue and will implement the appropriate recommendations resulting
from this guidance prior to entering the period of extended operation.

The PRA calculations supporting this conclusion are recognized to have some uncertainty
around the mean frequencies used in the analyses. To account for the possible uncertainty,
several sensitivity analyses were performed to bound the analysis. These sensitivity cases
did not alter the benefit calculations by more than a factor of two, which were shown within
the report to still be less than the costs of each SAMA with the exception discussed above.
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F.4.1 References
Ref. F.4-1 10 CFR 54.21, Code of Federal Regulations.
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F.5 Acronyms Used In Appendix F

AAC
AC
ADS
AFW
AFWST
AMSAC
AOV
ATWS
BWR
BWST
CCw
CDF
CE
CRD
CST
Cv
CVCS
DC
DER
DG
DHR
ECCS
EFIC
EFW
EOP
ERCW
FwW
HCLPF

Alternate Alternating Current
Alternating Current

Automatic Depressurization System
Auxiliary Feedwater

Auxiliary Feedwater Storage Tank
ATWS Mitigating System Actuation Circuitry
Air Operated Valve

Anticipated Transient Without Scram
Boiling Water Reactor

Borated Water Storage Tank
Component Cooling Water

Core Damage Frequency
Combustion Engineering

Control Rod Drive

Condensate Storage Tank

Control Valve

Charging and Volume Control System
Direct Current

Design Electrical Rating

Diesel Generator

Decay Heat Removal

Emergency Core Cooling System
Emergency Feedwater Initiation and Control
Emergency Feedwater

Emergency Operating Procedure
Emergency Raw Cooling Water
Feedwater

High Confidence of Low Probability of Failure
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HPCI High Pressure Coolant Injection
HPCS High Pressure Core Spray
HPI High Pressure Injection
HPSI High Pressure Safety Injection
HR Heat Removal
HVAC Heating, Ventilation and Air Conditioning
1&C Instrumentation and Control
ICONE International Conference on Nuclear Engineering
ICW Intermediate Cooling Water
IPA Individual Plant Assessment
IPE Individual Plant Examination
ISLOCA Interfacing System LOCA
KV Kilo-Volts
LOCA Loss of Coolant Accident
LOP Loss of Power
LOSW Loss of Service Water
LPCI Low Pressure Coolant Injection
LPI Low Pressure Injection
LPSI Low Pressure Safety Injection
MAB Maximum Attainable Benefit
MCC Motor Control Center
MD Motor Driven
MFW Main Feed Water
MG Motor Generator
MOV Motor Operated Valve
MPS2 Millstone Power Station Unit 2
MSIV Main Steam Isolation Valve
NRC Nuclear Regulatory Commission
PMP Probable Maximum Precipitation
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PORV Power Operated Relief Valve
PRA Probabilistic Risk Analysis
PRT Pressurizer Relief Tank
PSA Probabilistic Safety Assessment
PWR Pressurized Water Reactor
RAI Request for Additional Information
RB Reactor Building
RBCCW Reactor Building Component Cooling Water
RCIC Reactor Core Isolation Cooling
RCP Reactor Coolant Pump
RCS Reactor Coolant System
RHR Residual Heat Removal
RRW Risk Reduction Worth
RV Relief Valve
SIG Steam Generator
SAMA Severe Accident Mitigation Alternative
SAMDA Severe Accident Mitigation Design Alternative
SAMG Severe Accident Management Guideline
SBO Station Blackout
Sl Safety Injection
SGTR Steam Generator Tube Rupture
SLC Standby Liquid Control
SOV Solenoid Operated Valve
SRV Safety Relief Valve
SSE Safe Shutdown Earthquake
SW Service Water
TD Turbine Driven
TDP Turbine Driven Pump
TVA Tennessee Valley Authority
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\% Volts
WBN Watts Bar Nuclear Plant
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APPENDIX G
MPS3 SEVERE ACCIDENT MITIGATION ALTERNATIVES ANALYSIS

Appendix G contains the following sections: Page
G.1 Melcor Accident Consequences Code System Modeling E-G-2
G.2 Probabilistic Risk Assessment Model E-G-14
G.3 Evaluation of Candidate SAMAs E-G-27
G.4 Results and Conclusions E-G-81
G.5 List of Acronyms Used in Appendix G E-G-83
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G.1 Melcor Accident Consequences Code System Modeling

G1l.1

Gl1l.z2

Introduction

The following sections describe the assumptions made and the results of the Level 3
modeling performed to assess the offsite risks and consequences of severe accidents (U.S.
Nuclear Regulatory Commission Class 9) at MPS3.

The severe accident consequence analysis was carried out with the Melcor Accident
Consequence Code System code (MACCS2) (Ref. G 1-1). MACCS2 simulates the impact
of severe accidents at nuclear power plants on the surrounding environment. The principal
phenomena considered in MACCS2 are atmospheric transport, mitigating actions based on
dose projection, dose accumulation by a number of pathways including food and water
ingestion, early and latent health effects, and economic costs.

Input

The input data required by MACCS2 are outlined below. MACCS2 requires five separate
input files or modules to simulate an accident scenario. These include EARLY, ATMOS,
CHRONC, MET, and SITE modules. The Level 3 PRAs using the MACCS2 computer code
were prepared by Dominion and reviewed by Dominion personnel.

The Level 3 model was constructed specifically for the license renewal SAMA analysis. The
meteorological data have been collected and stored by the Dominion environmental
personnel at Millstone Power Station. The population distribution and land use data for the
region surrounding the site were determined based on software purchased from the federal
government (SECPOP90). The source term data were generated using the MAAP 4
computer code. The MACCS2 code was used to do the evaluation of the source term
distribution.

G.1.2.1 Core Inventory

The core inventory is for MPS3 at a power level of 3,411 megawatts-thermal.
These values were obtained by adjusting the end-of-cycle values for a 3,412
megawatts-thermal pressurized water reactor (Table G.1-1) by a linear scaling
factor of 1.0 in the MACCS2 input file (Ref. G 1-1). Potential core power uprate is
accounted for by running a MACCS2 sensitivity with a 10 percent increase on the
core scaling parameter. See Section G.3.4 below which discusses this sensitivity.

G.1.2.2 Source Terms

The source term input data to MACCS2 was generated using the MAAP 4
computer code for the dominant core damage sequences presented in the
probabilistic risk assessment in the MPS3 IPE (Ref. G 1-2). The source term
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G1.2.3

release fractions described in the MPS3 IPE were regenerated for 13 source term
categories. There are 27 Plant Damage States (PDSs) in Ref. G 1-2, which were
assigned to 13 source term categories. Table G.1-2 lists the conditional input
release fractions for each MACCS2 nuclide group. The assignment of the
radionuclides in Table G.1-1 to these nuclide groups is the same as that given in
the standard MACCS2 input.

The amounts (becquerels) of each radionuclide released to the atmosphere for
each accident sequence or release category are obtained by multiplying the core
inventory at the time of the hypothetical accident (Table G.1-1) by the release
fractions (Table G.1-2) assigned to each of the nuclide groups.

The offsite consequences are summed for all the release modes weighted by the
annual frequency to obtain the total annual accident risk, for the base case and for
each of the SAMA concepts evaluated. (This summation calculation is performed
outside of the MACCS2 code as part of the SAMA cost-benefit analyses.)

Meteorological Data

Yearly meteorological data has been generated for 1998 through 2000. The
hourly data (wind direction, wind speed, and stability category) were collected
on-site at Millstone Power Station. The wind direction and wind speed were
recorded at the most probable release height (tower 142 foot elevation), as well as
33 feet, 374 feet, and 447 feet; the stability data were determined by a Delta T
system measuring the temperature at the most probable release height, as well as
at 374 feet and 447 feet. The data was collected and stored by the environmental
personnel at Millstone Power Station. The data was provided to EES personnel at
the Innsbrook Technical Center where the data were transferred to the corporate
mainframe computer and any remaining unresolved data situations were resolved
by professional meteorologists. Precipitation data were recorded at Green Airport
near Providence, RI, the closest first order weather station to Millstone.

Morning and afternoon mixing height values for 1998 through 2000 were obtained
from the National Climatic Data Center. Missing values were replaced where
possible as prescribed in the USEPA document "Procedures for Substituting
Values for Missing NWS Meteorological Data for Use in Regulatory Air Quality
Models.” All non-missing values greater than zero were considered valid.

A washout model which predicts how much radionuclide material is deposited on
the ground by rainfall was used. Washout is a function of both rain duration and
rain intensity. MACCS2 default washout coefficient values were assumed to be
appropriate for this evaluation.
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Gl.24

G1.25

Population Distribution

The population distribution and land use information for the region surrounding
the site are specified in the Site Data File. Contained in the Site Data file are the
geometry data used for the site (spatial intervals and wind directions), population
distribution, fraction of the area that is land, watershed data for the liquid
pathways model, information on agricultural land use and growing seasons, and
regional economic information. Some of the detailed data in this file supercedes
certain data in the EARLY input file.

Much of the data was initially prepared by the computer program SECPOP90
(Ref. G 1-3). This code contains a database extracted from Bureau of the Census
PL 94-171 (block level census) CD-ROMS (Ref. G 1-4), the 1992 Census of
Agriculture CD ROM Series 1B, the 1994 US Census County and City Data Book
CD-ROM, the 1993 and 1994 Statistical Abstract of the United States, and other
minor sources. The reference contains details on how its database was created
and checked. The output from SECPOP90 is a file in the MACCS?2 site file format
based on the data in its reference data base for the specified site.

Millstone Unit 3 is located in Waterford, Connecticut on the Long Island Sound.
The 50 mile radius area around the plant was divided into sixteen directions that
are equivalent to a standard navigational compass rosette. This rosette was
further divided into 10 "inner” radial rings, each with sixteen azimuthal sections.

The SECPOP90-prepared Site data file was then modified and updated using the
MPS3 50 mile population distribution for the year 2040 in place of the 1990
Census SECPOP90 data, based on 2000 census data, projected out to 2040.
Pictures of the rosette for Millstone site 0-10 mile and 10-50 mile radii are shown
in Figure G.1-1 and Figure G.1-2 respectively.

Emergency Response

The EARLY module of the MACCS2 code models the time period immediately
following a radioactive release. This period is commonly referred to as the
emergency phase. It may extend up to 1 week after the arrival of the first plume at
any downwind spatial interval. The subsequent intermediate and long term
periods are treated by CHRONC. In the EARLY module the user may specify
emergency response scenarios that include evacuation, sheltering, and
dose-dependent relocation. The EARLY module has the capability for combining
results from up to three different emergency response scenarios. This is
accomplished by appending change records to the EARLY input file. The first
emergency-response scenario is defined in the main body of the EARLY input file.
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Up to two additional emergency-response scenarios can be defined through
change record sets positioned at the end of the file.

The emergency evacuation model has been modeled as a single evacuation zone
extending out 10 miles from the plant. The evacuation speed was estimated at an
average of 1.49 m/s (3.3mph) and a 7200 second delay time from the off-site
alarm reference time point. One sensitivity case was made using an evacuation
speed of 1.8 m/s to bound different weather conditions. The sensitivity results
have shown that there is a small impact on population dose and practically no
impact on the economic cost based on the evacuation speed change.

To demonstrate the possible significance of these assumptions, a sensitivity
MACCS2 run was made with the delay time from the reference time point,
parameter DLTSHL, increased by 0.5 hours (+1800 s) to 9000 seconds. The
results, which are reported in Reference G.1-9, demonstrate that the MACCS2
consequences are not significantly sensitive to the timings used.

Economic Data

Land use statistics including farmland values, farm product values, dairy
production, and growing season information were provided on a countywide basis
within 50 miles.

Much of the data is prepared by the computer program SECPOP90 (Ref. G 1-3).
It contains a database extracted from Bureau of the Census PL 94-171 (block
level census) CD-ROMS (Ref. G 1-4), the 1992 Census of Agriculture CD ROM
Series 1B, the 1994 US Census County and City Data Book CD-ROM, the 1993
and 1994 Statistical Abstract of the United States, and other minor sources. The
reference contains details on how the database was created and checked. The
SECPOP90 regional economic values were updated to 2001 using cost of living
and other data from the Bureau of the Census and the Department of Agriculture.
Agricultural data is taken from data available in the 1997 Census of Agriculture
(Ref. G 1-5). This was accomplished by replacing the SECPOP90 data for the
counties within the fifty mile radius by the values from this census. That is, the
SECPOP90 county data base was modified so that the results produced by the
code were correctly assigned to the various economic regions.

Offsite economic consequences were estimated using the MACCS2 code by
summing the following costs:

® Costs of evacuation,

® Costs for temporary relocation (food, lodging, lost income),
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® Costs of decontaminating land and buildings,

® | ost return-on-investments from properties that are temporarily interdicted to
allow contamination to be decreased by decay of nuclides,

® Costs of repairing temporarily interdicted property,

® Value of crops destroyed or not grown because they were contaminated by
direct deposition or would be contaminated by root uptake, and

® Value of farmland and of individual, public, and nonfarm commercial property
that is condemned.

Onsite impacts (occupational exposure and facility clean-up costs) and
replacement power costs are not calculated by MACCS2 but are instead derived
from the methodology in NUREG/BR-0184, as described later in this appendix. In
addition, the MACCS2 code does not assign a monetary cost to radiological
exposure. An NRC-recommended conversion factor is subsequently applied for
this purpose.

G.1.3 Results

Based on the preceding input data, MACCS2 was used to estimate the following:

The downwind transport, dispersion, and deposition of the radioactive materials released
to the atmosphere from the failed reactor containment.

The short- and long-term radiation doses received by exposed populations via direct
(cloudshine, plume inhalation, groundshine, and resuspension inhalation) and indirect
(ingestion) pathways.

The mitigation of those doses by protective actions (evacuation, sheltering, and
post-accident relocation of people; disposal of milk, meat, and crops; and
decontamination, temporary interdiction, or condemnation of land and buildings).

The early fatalities and injuries projected to occur within 1 year of the hypothetical
accident (early health effects) and the delayed (latent) cancer fatalities and injuries
projected to occur over the lifetime of the exposed individuals.

The offsite costs of short-term emergency response actions (evacuation, sheltering, and
relocation), of crop and milk disposal, and of the decontamination, temporary interdiction,
or condemnation of land and buildings.

The consequences calculated with the MACCS2 model in terms of the population dose and
offsite economic costs for the SAMA base case and two sample sensitivity cases are shown
in Table G.1-3.
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Table G.1-1.
Generic 3412 MWt Core Inventory.2
Core Inventory Core Inventory
Nuclide (becquerels) Nuclide (becquerels)
Cobalt-58 3.22E+16 Tellurium-131M 4.68E+17
Cobalt-60 2.47E+16 Tellurium-132 4.66E+18
Krypton-85 2.48E+16 lodine-131 3.21E+18
Krypton-85M 1.16E+18 lodine-132 4.73E+18
Krypton-87 2.12E+18 lodine-133 6.78E+18
Krypton-88 2.86E+18 lodine-134 7.44E+18
Rubidium-86 1.89E+15 lodine-135 6.39E+18
Strontium-89 3.59E+18 Xenon-133 6.78E+18
Strontium-90 1.94E+17 Xenon-135 1.27E+18
Strontium-91 4.62E+18 Cesium-134 4.32E+17
Strontium-92 4.80E+18 Cesium-136 1.32E+17
Yttrium-90 2.08E+17 Cesium-137 2.42E+17
Yttrium-91 4.37E+18 Barium-139 6.28E+18
Yttrium-92 4.82E+18 Barium-140 6.22E+18
Yttrium-93 5.45E+18 Lanthanum-140 6.35E+18
Zirconium-95 5.53E+18 Lanthanum-141 5.83E+18
Zirconium-97 5.76E+18 Lanthanum-142 5.62E+18
Niobium-95 5.22E+18 Cerium-141 5.65E+18
Molybdium-99 6.10E+18 Cerium-143 5.49E+18
Technetium-99M 5.26E+18 Cerium-144 3.41E+18
Ruthenium-103 4.54E+18 Praseodymium-143 5.40E+18
Ruthenium-105 2.95E+18 Neodymium-147 2.41E+18
Ruthenium-106 1.03E+18 Neptunium-239 6.46E+19
Rhodium-105 2.05E+18 Plutonium-238 3.66E+15
Antimony-127 2.79E+17 Plutonium-239 8.26E+14
Antimony-129 9.87E+17 Plutonium-240 1.04E+15
Tellurium-127 2.69E+17 Plutonium-241 1.76E+17
Tellurium-127M 3.56E+16 Americium-241 1.16E+14
Tellurium-129 9.27E+17 Curium-242 4.44E+16
Tellurium-129M 2.44E+17 Curium-244 2.60E+15

a. Ref.G1-1.
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Table G.1-2.
MPS3 Release Fraction by Nuclide Group.
Source
Term Noble

Category Gases | Cs Te Sr Ru La Ce Ba
M-1A 1.0E+00 7.6E-01 7.8E-01 3.5E-01 1.2E-02 1.2E-01 26E-03 1.1E-02 4.3E-02
M-1B 9.5E-01 1.3E-01 1.1E-01 9.2E-07 6.8E-04 3.0E-02 9.4E-05 1.7E-04 8.0E-03
M-2 1.0E+00 6.2E-02 6.5E-02 3.0E-03 5.6E-04 1.9E-02 2.1E-04 12E-03 5.4E-03
M-3 1.0E+00 15E-01 1.6E-01 1.0E-10 3.9E-04 13E-02 1.0E-04 3.6E-04 4.4E-03
M-4 9.3E-01 15E-02 1.4E-02 3.0E-01 1.2E-02 13E-02 1.2E-02 1.2E-02 1.2E-02
M-5 1.0E+00 3.3E-02 3.3E-02 19E-02 18E-02 16E-02 18E-02 1.8E-02 1.7E-02
M-6 1.0E+00 3.2E-02 3.2E-02 2.6E-02 24E-02 23E-02 24E-02 24E-02 2.3E-02
M-7 9.6E-01 2.0E-03 4.2E-03 28E-03 2.6E-03 24E-03 26E-03 26E-03 25E-03
M-8 1.0E+00 2.3E-02 2.6E-02 7.0E-04 6.5E-07 8.1E-06 1.0E-07 6.2E-07 2.6E-06
M-9 1.0E+00 1.3E-02 2.0E-02 18E-04 16E-06 1.1E-05 1.7E-07 1.3E-06 3.8E-06
M-10 1.6E-01 57E-05 7.2E-05 14E-03 13E-06 15E-05 1.6E-06 2.0E-06 6.7E-06
M-11 15E-01 3.9E-05 42E-05 3.9E-04 7.2E-07 1.0E-05 8.6E-07 1.1E-06 4.1E-06
M-12 2.8E-03 7.9E-06 7.7E-06 3.3E-05 3.2E-05 2.9E-05 3.2E-05 3.2E-05 3.1E-05
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Table G.1-3.

MPS3 Summary of Offsite Consequence Results and Sensitivities for Each Release Mode.

Population Dose (Sieverts)

Offsite Economic Costs (Dollars)

CET End
Point Basecase Basecase
(Release Release Category (100% ESPEED DLTSHL (100% ESPEED DLTSHL
Mode) Description Evac) =1.8m/s =9000s Evac) =1.8m/s =9000s
M-1A Containment Bypass, 1.01E+05 1.01E+05 9.03E+04 1.29E+10 1.29E+10 1.29E+10
V-Sequence
M-1B Containment Bypass, 2.77E+04 2.77E+04 2.49E+04 5.87E+09 5.87E+09 5.87E+09
SGTR
M-2 Early Failure/Early Melt, 1.72E+04 1.69E+04 1.75E+04 4.90E+09 4.90E+09 4.90E+09
No Sprays
M-3 Early Failure/Late Melt, 2.14E+04 2.10E+04 2.18E+04 7.13E+09 7.13E+09 7.13E+09
No Sprays
M-4 Containment Isolation 2.67E+04 2.59E+04 2.75E+04 4.45E+09 4.45E+09 4.45E+09
Failure
M-5 Intermediate Failure / 2.17E+04 2.17E+04 2.18E+04 5.55E+09 5.55E+09 5.55E+09
Late Melt, No Sprays
M-6 Intermediate Failure / 2.55E+04 2.55E+04 2.57E+04 5.99E+09 5.99E+09 5.99E+09
Early Melt, No Sprays
M-7 Late Failure, 6.52E+03 6.52E+03 6.52E+03 1.07E+09 1.07E+09 1.07E+09
No Sprays
M-8 Intermediate Failure 1.08E+04 1.08E+04 1.08E+04 1.83E+09 1.83E+09 1.83E+09
With Sprays
M-9 Late Failure With Sprays 9.49E+03 9.49E+03 9.49E+03 1.38E+09 1.38E+09 1.38E+09
M-10 Basemat Failure, No 2.04E+02 2.04E+02 2.04E+02 1.21E+07 1.21E+07 1.21E+07
Sprays
M-11 Basemat Failure With 1.14E+02 1.14E+02 1.14E+02 8.51E+06 8.51E+06 8.51E+06
Sprays
M-12 No Containment 1.65E+02 1.63E+02 1.67E+02 1.70E+07 1.70E+07 1.70E+07
Failure
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A fractional breakdown of the population dose (person-rem per year) by containment release mode
is shown on Table G.1-4.

Table G.1-4.
MPS3 Summary of Offsite Consequence Results for Each Release Model.
CET End Point Basecase
(Release Release Category Basecase Dose Person- %Person-
Mode) Description Frequency Person-rem rem/yr rem/yr

M-1A Containment Bypass, 2.21E-07 1.01E+07 2.23E+00 17.42%
V-Sequence

M-1B Containment Bypass, 1.00E-06 2.77E+06 2.77E+00 21.61%
SGTR

M-2 Early Failure/Early Melt, 0.00E+00 1.72E+06 0.00E+00 0.00%
No Sprays

M-3 Early Failure/Late Melt, 0.00E+00 2.14E+06 0.00E+00 0.00%
No Sprays

M-4 Containment Isolation 0.00E+00 2.67E+06 0.00E+00 0.00%
Failure

M-5 Intermediate Failure / 1.96E-07 2.17E+06 4.25E-01 3.32%
Late Melt, No Sprays

M-6 Intermediate Failure / 1.96E-07 2.55E+06 5.00E-01 3.90%
Early Melt, No Sprays

M-7 Late Failure, 7.79E-06 6.52E+05 5.08E+00 39.63%
No Sprays

M-8 Intermediate Failure 0.00E+00 1.08E+06 0.00E+00 0.00%
With Sprays

M-9 Late Failure With Sprays 1.60E-06 9.49E+05 1.52E+00 11.85%

M-10 Basemat Failure, No 1.60E-06 2.04E+04 3.26E-02 0.25%
Sprays

M-11 Basemat Failure With 1.60E-06 1.14E+04 1.82E-02 0.14%
Sprays

M-12 No Containment 1.46E-05 1.65E+04 2.41E-01 1.88%
Failure

Total 2.68E+07 1.28E+01 100.00%
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Figure G.1-1
Year 2040 Population Data
Population Distribution Within 10 Miles

POPULATION BY ANNULUS

Annulus

0To2

2To3

3To4

4To5

5To 10

Total

Population

7,109

12,589

22,838

18,529

82,966

144,031
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Figure G.1-2
Year 2040 Population Data

MILLSTONE UNIT 3
Population Distribution Within 50 Miles
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POPULATION BY ANNULUS

Annulus | 0To 10 |10To 20 | 20To 30 | 30 To 40 | 40 To 50 Total
Population | 144,031 | 245,917 | 304,140 | 997,014 (1,645,475 | 3,336,577
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G.1.3 References

Ref. G.1-1

Ref. G.1-2

Ref. G.1-3

Ref. G.1-4

Ref. G.1-5

Code Manual for MACCS2: Volume 1, User's Guide, Chanin, D. 1., et al,
SANDO07-054, March 1997. SEE ALSO: MACCS2 V.1.12, CCC-652 Code
Package, ORNL (Oak Ridge National Laboratory RISCC Computer Code
Collection), 1997. SEE ALSO: MELCOR Accident Consequence Code
System (MACCS) Model Description, Jow, H. N, et al, NUREG/CR-4691,
SAND86-1562, February 1990.

NUSCO 171, "MP3 Individual Plant Examination (IPE) for Severe Accident
Vulnerabilities,” Northeast Utilities Service Company, Aug. 1990.

RF-Report, S. L. Humphreys, et al.,, "SECPOP90: Sector Population, Land
Fraction, and Economic Estimation Program,” NUREG/CR-6525, September,
1997.

RF-Report, Bureau of the Census, "Census of Population and Housing, 1990:
Public Law (P. L.) 94-171, Data Technical Documentation”, CD-ROM set, 1991.

RF-Report, U.S. Dept. of Agriculture, "1997 Census of Agriculture,” National
Agricultural Statistics Service.
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G2

G221

G2.2

Probabilistic Risk Assessment Model

This section describes the Millstone Unit 3 PRA model used for the quantification of the
reduction in CDF due to the SAMA changes to the model. The resulting source term
category frequencies were calculated using this model for all the SAMAs that were screened
in.

Introduction

The gquantitative analysis of the SAMAs was performed using the Millstone Unit 3
Probabilistic Risk Assessment (PRA) model. The PRA model used for the SAMA analysis
consists of the usual three elements: The Level 1 model looks at accident scenarios from
initiation to the point of a plant damage state (core damage with containment heat removal
status). The Level 2 model assesses the likelihood that the plant damage state (PDS) will
result in each of the release categories. The Level 3 model considers the distribution of the
released radionuclides to the environment which is discussed in Section G.1 above. A
discussion of the external events model and how it was accounted for in the SAMA benefit
calculation is shown below.

Level 1 Model

The Level 1 model was originally developed in response to the request for information
contained in Generic Letter 88-20. The fault tree linking approach was used and all event
trees and fault trees were developed based on plant drawings and procedures. The model
includes detailed fault tree models of all front line (accident mitigating) systems and their
support systems (HVAC, Electrical, Air). The model also included detailed event trees
which delineate accident sequences based primarily on the temporal response of the
systems needed to mitigate the initiating event. The MPS3 PRA model chronology follows:
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Table G.2-1.
MP3 PRA Model Chronology.
Date Description
8/83 Millstone 3 PSS submitted
9/83 Amendment 1: Corrected consequence analysis
1/84 Transfer of PSS technology from Westinghouse, the PSS contractor, to the licensee
4/84 Amendment 2: Reanalysis of seismic fragilities by Structural Mechanics Associates
11/84 Amendment 3: Correction of mathematical error in seismic analysis
8/85 Published Millstone 3 risk evaluation report (NUREG-1152)
8/87 Amendment 4 (internal): Reanalysis of the Level 1 PRA to account for actual surveillance intervals,
main feedwater recovery, etc.
1988 First round of evaluation of projects under internal Integrated Safety Assessment Program (ISAP)
1989 Second round of internal ISAP evaluations
1989-1990 Transferred PSS from mini-computer to PC
5/90 51 update: Correction of math and logic errors discovered in transfer
6/90 6" update: Updated transient frequencies (plant data), revised V sequence model, and coupled the
Level 2 PRA to the Level 1
Fall 1990 Coupled the Level 3 PRA to Levels 1 and 2; third round of ISAP evaluations
8/90 Submittal of IPE
5/92 NRC staff evaluation report concludes IPE meets the intent of Generic Letter 88-20. The report
contains recommendations to explicitly model 1) total loss of service water initiating event, 2) HVAC
dependency, and 3) DC power dependency
12/95 Model converted from support state to linked fault tree methodology
Ventilation dependency explicitly modeled
DC power dependency explicitly modeled
Total loss of service water initiator modeled
2/96 LERF model developed using original PSS model
10/98 Station Blackout (SBO) diesel generator battery limitation modeled
Transfer to sump recirculation analyzed using simulator data
Plant-specific data update
8/99 Time-dependent SBO model incorporated
Loss of ventilation/room heat-up calculation conclusions incorporated
9/99 Westinghouse Owner’s Group peer review completed
6/00 Incorporated loss of offsite power and offsite power restoration calculations
9/02 NUREG/CR-5750 used as source of general initiating event frequencies

Incorporated some of level A and B peer review comments

The information used in the Level 1 model was verified using plant walkdowns. An
independent peer review was conducted of the Level 1 and Level 2 models prior to submittal
to the NRC.
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A peer review was performed on the current PRA model used for the SAMA analysis during
September 1999.

A breakdown of the CDF by initiating event (i.e. LOOP, General Transients, LOCAs, SGTR,
etc.) plus other initiators are shown in Figure G.2-1. A list of the top 30 cutsets from the
Level 1 model is shown in Table G.2-2 below.

Figure G.2-1
MPS3 Breakdown of CDF by Initiating Event

SwW
SLB 7.4%

SGTR 1.9% Transients
38.9%

SSLOCA

LLOCA SLOCA 1%

MLOCA
0.3% 2 1% 8.8%
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